TITLE OF THE INVENTION 

ACTIVE TYPE DYNAMIC DAMPER 

BACKGROUND OF THE INVENTION 

The present Invention relates to an active dynamic damper 
suitable to actively damp a vibration from a vibration generating 
source such as a vehicle. 

A conventionally known active dynamic damper of this kind 
comprises mainly an electromagnetic vibration means, which is 
a vibration means, and an electric control unit. In this 
electromagnetic vibration means, a yoke which accommodates an 
electromagnet is mounted on a mounting metal member scheduled 
to be installed on, for example, a vehicle body, which is a 
vibration generating source, and a mass member is provided on 
the yoke such that it is supported elastically by means of a 
rubber elastic body. The electric control unit inputs an 
electric control signal into the electromagnet so as to generate 
a driving force corresponding to the magnitude of the electric 
control signal. This electromagnetic vibration means is 
intended to drive the electromagnet and thereby vibrate the mass 
member in order to actively suppress a vibration of the vibration 
generating source with a vibration force generated on the mass 
member . 

A linear amplifier such as an audio amplifier can be used 
as a driver for driving this electromagnetic vibration means, 
but in this case the driver cost is high because the linear 
amplifier is expensive. For this reason, if the active dynamic 
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clamper Is used for a low cost application such as a vehicle 
application, a pulse width modulation driver (hereinafter 
referred to as PWM driver) which turns ON/OFF a switching 
transistor using, for example, a pulse-width modulated control 
pulse signal Is used to generate an electric control signal for 
driving the electromagnetic vibration means . The control pulse 
signal for use In this case Is formed by overlaying a reference 
pulse signal on a pulse-width modulated carrier signal having 
a frequency of several kHz (4-20 kHz) by means of a PWM driver. 
The reference pulse signal is synchronous with an Input pulse 
signal S, which Is an output of a rotation pulse sensor or the 
like correlated to the vibration frequency of the vibration 
generation source and at the same time shifted by a phase 6, 
while the magnitude of a control amplitude corresponding to the 
vibration amplitude of the vibration generation source Is 
correlated to the magnitude of duty ratio. The conventional 
dynamic damper vibrates the mass member by driving the vibration 
means based on this control pulse signal so as to suppress the 
vibration of the vehicle body with a vibration force based on 
this vibration. Generally, sampling of the input pulse signal 
S is carried out under 1-2 kHz. 

However, the above-mentioned active dynamic damper has 
a problem that when such a vibration means having a high linearity 
is driven by the aforementioned control pulse signal, a 
chattering vibration and an abnormal sound by such as a sharp 
sound originated from the carrier frequency of the control pulse 
signal and a rattling sound originated from the sampling 
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frequency of the inputted pulse signal, are likely to be 
generated. Another vibration means for a mass member, similar 
to the electromagnetic vibration means , is a pneumatic vibration 
means • 

In the pneumatic vibration means, the mass member is 
elastically supported with respect to a mounting member attached 
to the vibration damping object member. A pneumatic chamber 
sealed tightly for applying a vibration force to the mass member 
through changes in internal pressure is provided and a driving 
selection valve which connects the pneumatic chamber selectively 
to a negative pressure source or atmosphere is provided in an 
air flow path. The driving selection valve is controlled 
according to the aforementioned control pulse signal, so as to 
adjust the vibration force frequency, phase and amplitude of 
the mass member. The pneumatic chamber of the pneumatic 
vibration means is connected to the negative pressure source 
like an engine suction port and to the atmosphere through the 
air flow path, and change-over between the negative pressure 
source and the atmosphere is carried out by the selection valve 
imposed in the air flow path. Consequently a change in pressure 
is generated in the pneumatic chamber so as to adjust the vibration 
force for vibrating the mass member. However, this pneumatic 
vibration means has the same problem as the above-described 
electromagnetic vibration means. 

SUMMARY OF THE INVENTION 
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An object of the present invention is to solve the 
above-described problem and provide an active dynamic damper 
capable of suppressing generation of a chattering vibration and 
an abnormal sound by such as a sharp sound originated from a 
carrier frequency of a control pulse signal and a rattling sound 
originated from a sampling frequency of an input pulse signal, 
if a vibration means having a high linearity is driven with a 
control pulse signal. 

To achieve the above object, according to the present 
invention , there is provided an active dynamic damper comprising : 
a supporting member having a mounting plate portion ; a mass member 
disposed on a surface side of the mounting plate portion such 
that it is apart from the mounting plate portion; a rubber elastic 
body connecting portion which elastically connects the 
supporting member with the mass member; and a vibration means 
which vibrates the mass member with a driving force generated 
by an input of a control pulse signal corresponding to vibration 
of a vibration generating source, the mounting plate portion 
being fixed to a vibration damping object member, wherein the 
mounting plate portion is fixed to the vibration damping object 
member through a rubber elastic supporting portion such that 
it is apart from the vibration damping object member. 

According to the present invention, the vibration means 
generates a driving force corresponding to the control pulse 
signal which is inputted to answer a vibration input from the 
vibration damping object member so as to vibrate the mass member. 
Consequently, the vibration input can be damped by resonance 
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action between the mass member and the rubber elastic body 
connecting portion . Because the mounting plate portion is fixed 
on the vibration damping object member through the rubber elastic 
body supporting portion in a condition that it is departed from 
the vibration damping object member, the rubber elastic body 
supporting portion suppresses generation of abnormal sound of 
more than several kHz and a chattering vibration, originated 
from the control frequency and the like of the control pulse 
signal. Further, because the rubber elastic body supporting 
portion functions as a passive damper together with the rubber 
elastic body connecting portion, the performance of damping the 
vibration input of the dynamic damper is further enhanced. As 
a result, according to the present invention, the dimensions 
of the dynamic damper can be reduced relatively. Further, the 
resonance operation of the rubber elastic body supporting portion 
raises the vibration force in an intermediate frequency range 
which is higher than the frequency of the vibration input and 
lower than the control frequency. 

Further, in the active dynamic damper of the present 
invention, the control pulse signal may be formed by overlaying 
a pulse width modulated carrier signal having a control frequency 
of several kHz several tens kHz on a reference pulse signal 
having the same frequency as the vibration frequency of an input 
pulse signal corresponding to vibration of a vibration generating 
source and adjusted in terms of phase and gain. 

When the vibration means is driven according to the control 
pulse signal, because the mounting plate portion is fixed to 
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the vibration damping object member through the rubber elastic 
body supporting portion in a condition that it is apart from 
the vibration damping object member, generation of a chattering 
vibration and an abnormal sound of more than several kHz, such 
as a sharp sound originated from the control frequency of the 
carrier signal pulse-width modulated by the rubber elastic body 
supporting portion and a rattling sound originated from the 
sampling frequency of the inputted pulse signal, is suppressed 
effectively. 

In the active dynamic damper of the present invention, 
a resonance frequency of the rubber elastic body supporting 
portion with respect to the mass member may be set to a frequency 
region that is higher than the vibration frequency and lower 
than the control frequency of the carrier signal. Because the 
resonance region is provided in a frequency region which is higher 
than the vibration frequency of the vibration generation source 
and lower than the control frequency of the control pulse signal, 
resonance of the rubber elastic body supporting portion with 
the mass member raises the vibration force in the resonance 
region, thereby reducing gear noise and the like. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a partial sectional view showing schematically 
an entire structure of the active dynamic damper applied to a 
vehicle according to an embodiment of the present invention; 

Fig. 2 is a block diagram showing schematically an electric 
control unit of the same active dynamic damper; 
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Fig. 3 is an explanatory diagram for explaining an 
Instruction signal I, reference pulse signal D, and PWM signal 
C of the same active dynamic damper; 

Fig. 4 Is a graph showing the relation between the vibration 
force and frequency for explaining a result of a specific 
embodiment ; and 

Fig. 5 is a partial sectional view showing schematically 
an entire structure of an active dynamic damper according to 
a modification. 

DESCRIPTION OF THE PREFEREED EMBODIMENTS 

Hereinafter, the preferred embodiment of the present 
invention will be described with reference to the accompanying 
drawings. Fig. 1 shows schematically an entire structure of 
the active dynamic damper Installed on a vibration damping object 
such as a vehicle body of the embodiment through a partial 
sectional view. Fig. 2 shows an electric control unit for 
controlling the driving of the active dynamic damper through 
a block diagram. This active dynamic damper comprises a damper 
main body 11 and an electric control unit 51 for generating a 
vibration force by controlling the driving of the damper main 
body 11. 

The damper main body 11 comprises a long flat mounting 
plate portion 12, a rod-like central supporting metal member 
15 erected in the center of a top face of the mounting plate 
portion 12 and constituting a supporting member together with 
the mounting plate portion 12, cylindrical rubber bushings 17 
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mounted around the central supporting metal member 15 
successively from its bottom, a coil member 24, a magnet member 
28, a yoke 33 and a cylindrical case 38 placed on the yoke 33, 
In the mean time, the relation in structure of the damper main 
body 11 in its vertical and transverse directions is the same 
as indicated in Fig. 1- 

The mounting plate portion 12 is formed by bending a 
rectangular metallic plate at positions substantially 1/3 in 
the length direction and in a symmetrical construction comprised 
of an intermediate plate portion 12a, inclined portions 12b which 
are inclined downward from both ends of the intermediate plate 
portion 12a in the length direction and a pair of side plate 
portions extending from the inclined portions in parallel to 
each other. Multiple engaging holes 13a are made in the center 
portion of the intermediate plate portion 12a at multiple 
positions on a circle of a predetermined radius such that they 
run through. A through hole 13b is made inside the arrangement 
positions of the engaging holes 13a in the intermediate plate 
portion 12a such that it runs through the plate. Further, 
mounting holes 13c are provided at end positions in the length 
direction of both the side plate portions 12c such that they 
run through the plates . Further , a stopper portion 14 is extended 
horizontally from an end portion in the length direction (right 
end in the same Figure) of the intermediate plate portion 12a. 
The stopper portion 14 is formed by bending a metallic plate 
into a substantially fallen U shape and constituted of a lower 
horizontal portion, a vertical portion and an upper horizontal 
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portion which is provided by bending back the metallic plate 
at a top end of the vertical portion. 

The central supporting metal member 15 is comprised of 
a large -diameter portion 15a which is short in the axial direction 
length, a medium-diameter portion 15b which is longer than the 
large-diameter portion 15a and whose outside diameter is 
substantially half, and a small-diameter portion 15c whose 
diameter is slightly smaller than that of the medium-diameter 
portion 15b and which is longer than half of the entire axial 
direction length, these portions being disposed coaxially in 
succession from its bottom- The outside diameter of the 
large-diameter portion 15a is equal to a distance between inner 
ends of the engaging holes 13a opposing each other in a diameter 
direction. The large-diameter portion 15a has a through hole 
15d which runs through in an axial direction thereof. A screw 
hole 15e extending in the axial direction is provided in a front 
end of the small-diameter portion 15c. 

The rubber bushing 17 is comprised of an inner cylindrical 
metal member 18, an outer cylindrical metal member 19 disposed 
outside the inner cylindrical metal member 18 coaxially such 
that it opposes the inner cylindrical metal member 18 in the 
diameter direction, and a rubber elastic connecting portion 21 
which connects both the metal members 18 and 19 elastically. 
The length in the axial direction of the inner cylindrical metal 
member 18 is equal to a distance from the bottom end of the 
large-diameter portion 15a of the central supporting metal member 
15 up to substantially a middle position of the medium- diameter 
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portion 15b. The inner peripheral face of the inner cylindrical 
metal member 18 has a step 18a on a border between the 
large-diameter portion 15a and the medium-diameter portion 15b 
so that it is composed of double cylindrical faces having equal 
inner diameters to the outer diameters of the large-diameter 
portion 15a and the medium-diameter portion 15b. As for the 
outer periphery of the inner cylindrical metal member 18, its 
lower side is cylindrical while its upper side has an inclined 
face like a truncated cone. The insertion hole 18b. which 
penetrates axially, is made in the inclined face of the inner 
cylindrical metal member 18. Attachment pieces 18c which can 
be inserted into the engaging holes 13a are provided on a bottom 
end of the inner cylindrical metal member 18. 

In the outer cylindrical metal member 19, its cylindrical 
top end in the axial direction is bent slightly outwardly in 
the diameter direction so as to form an upper flange portion 
19a while its bottom end is bent more largely outwardly in the 
diameter direction than the upper flange portion 19a so as to 
form a lower flange portion 19b. In only one part in the 
peripheral direction (right portion in Fig. 1) of the outer 
cylindrical metal member 19, its bottom end portion is cut out 
slightly so that the length in the axial direction is shortened, 
the lower flange portion acting as an upper engaging piece 19c. 
A metal piece extending downward in the axial direction is fixed 
to the upper engaging piece 19c and a portion of this metal piece 
bent outwardly in the diameter direction acts as a lower engaging 
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piece 19d. The lower engaging piece 19d Is situated below the 
lower flange portion 19b. 

The rubber elastic connecting portion 21, which Is a 
ring-like thick plate made of rubber elastic body. Is formed 
by vulcanization between the Inclined face portion on the outer 
periphery of the inner cylindrical metal member 18 and the inner 
peripheral face of the outer cylindrical metal member 19. Thin 
rubber elastic covering portion 22, which is formed 
simultaneously with the rubber elastic connecting portion 21, 
is provided on an entire surface of the inner and outer peripheries 
of the outer cylindrical metal member 19 Including the upper 
and lower flange portions 19a and 19b and a thick covering portion 
22a is provided on only top and bottom surfaces of the upper 
and lower engaging pieces 19c and 19d. The rubber bushing 17 
formed in this way is attached by engaging the inner cylindrical 
metal member 18 with the large-diameter portion 15a and the 
medium-diameter portion 15b of the central supporting metal 
member 15 and then, the attachment pieces 18c are Inserted into 
the engaging holes 13a in the mounting plate 12 and a projecting 
portion thereof projecting from the engaging hole 13a is bent 
so that it is engaged with the Intermediate plate portion 12a. 
Consequently, the inner cylindrical metal member 18 is fixed 
to the mounting plate portion 12. As a result, the central 
supporting metal member 15 is also fixed to the mounting plate 
portion 12. As shown in Fig. 1, the upper and lower engaging 
pieces 19c and 19d of the inner cylindrical metal member 18 are 
disposed such that they are apart from an upper horizontal portion 
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and a lower horizontal portion of a stopper portion 14 in the 
vertical direction. This stopper portion 14 suppresses an 
excessive deflection of the outer cylindrical metal member 19, 
subsequently the magnet member 28, the yoke 33 and the case 38 
in the vertical direction. 

The coil member 24 is comprised of a cylindrical coil 
mounting portion 25 and a bottom plate portion 26 which closes 
the bottom face thereof. A coil 25a is wound around the coil 
mounting portion 25. The bottom plate portion 26 is a 
substantially circular plate having a concave portion 26a in 
the center thereof . A mounting hole 26b having the same diameter 
as the medium- diameter portion 15b is provided in the center 
of the concave portion 26a. As for the coil member 24, a lead 
wire 25b extending from a front end of the coil 25a is extended 
downward through the insertion hole 18b in the inner cylindrical 
metal member 18, the insertion hole 15d in the large-diameter 
portion 15a and the insertion hole 13b in the intermediate plate 
portion 12a and then, the mounting hole 26b is fit to the 
medium-diameter portion 15b in the central supporting metal 
member 15, so that the coil member 24 is mounted on the 
medium-diameter portion 15b. The coil member 24 is firmly fixed 
to the medium-diameter portion 15b in a condition that it is 
pressed by a ring- like fixing member 26c set on the 
medium-diameter portion 15b of the central supporting metal 
member 15. 

The magnet member 28 is comprised of a cylindrical magnet 
portion 29 located on the side of the center thereof and an outer 
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metal member 31 on the side of its outer periphery. The inside 
diameter of the magnet portion 29 is slightly larger than the 
outside diameter of the aforementioned coil 25a and the outside 
diameter of the outer metal member 3 1 is substantially equal 
to the outside diameter of the upper flange 19a of the outer 
cylindrical metal member 19. In the outer metal member 31, a 
substantially lower half portion of its inner peripheral face 
is slightly larger in diameter than its upper portion and the 
magnet portion 29 is fit to the lower half portion having such 
a larger diameter by pressure. The magnet member 28 is disposed 
coaxially with the central supporting metal member 15 and placed 
on a top face of the upper flange 19a of the outer cylindrical 
metal member 19 with a uniform clearance provided between the 
inner peripheral face of the magnet portion 29 and the outer 
peripheral face of the coil 25a. The magnet member 28 and the 
coil member 24 constitute the vibration means. 

The yoke 33 is integrally comprised of a cylindrical portion 
34 and a thick flange portion 35 whose top end is extended outwardly 
in the diameter direction. The outside diameter of the 
cylindrical portion 34 is slightly smaller than the inside 
diameter of the coil mounting portion 25 of the coil member 24. 
The inside diameter of an axial hole 34a is slightly larger than 
the outside diameter of the small-diameter portion 15c of the 
central supporting metal member 15. The top face of the flange 
portion 35 is higher, on the outer peripheral edge 35a side, 
than the top face of the cylindrical portion 34 so that a cone-like 
inclined face is provided from the outer peripheral edge portion 
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35a to an outer peripheral edge of the cylindrical portion 34. 
Consequently, a concave portion 35b is formed including the top 
face of the cylindrical portion 34. A circular leaf spring 36 
is placed on the top end of the outer peripheral edge portion 
35a and a bolt 37 is inserted into a mounting hole provided in 
the center of the leaf spring 36 and driven into a screw hole 
15e provided coaxially in a top end of the small-diameter portion 
15c so as to fix the leaf spring 36 to the small-diameter portion 
15c. The yoke 33 constitutes mainly the mass member including 
the magnet member 28 and the case 38. 

The case 38 is a cylindrical metal member whose top end 
is sealed with its top plate; whose inside diameter is equal 
to the outside diameter of the flange portion 35 of the yoke 
33 and that of the outer metal member 31 of the magnet member 
28; and whose axial direction length is slightly longer than 
the length of the flange portion 35 plus the outer metal member 
31. The case 38 is placed on the leaf spring 36 from above and 
pressed through a ring-like spacer 39 placed on an outer periphery 
of the top face of the leaf spring 36 while a cylindrical bottom 
end portion 38a thereof is bent in the axial center direction. 
Then, the bent bottom end portion 38a is engaged with the upper 
flange portion 19a of the outer cylindrical metal member 19 of 
the rubber bushing 17 by crimping, and the case 38 is fixed to 
the upper flange portion 19a, thereby forming the damper main 
body 11. 

A grommet 41, which is a cylindrical supporting member 
made of rubber elastic body, is inserted into each mounting hole 
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13c in the side plate portion 12c of the mounting plate portion 
12. The grommet 41 is comprised of a large-diameter portion 
41a which is located on the bottom side in the axial direction, 
and a small-diameter portion 41b located on the top side, while 
an annular groove portion 41c is provided in an outer peripheral 
face between the large-diameter portion 41a and the 
small-diameter portion 41b. If the annular groove portion 41c 
of the grommet 41 is fit to the mounting hole 13c, the grommet 
41 is fixed on the side plate portion 12c. Further, a mounting 
metal member 43 is press -fit into the axial hole 41d of the grommet 
41 from the small-diameter portion 41b side. The mounting metal 
member 43 is comprised of a cylindrical portion 43a and a flange 
portion 43b whose top end is projected outwardly in the diameter 
direction. The cylindrical portion 43a is shorter in the axial 
direction than the grommet 41 and the outside diameter of the 
cylindrical portion 43a is larger than the inside diameter of 
the grommet 41. 

After the grommets 41 are attached to the mounting holes 
13c and the mounting metal members 43 are press-fit to the axial 
holes 41d in the grommets 41 with the flange portion 43b facing 
upward, the damper main body 11 is placed on a mating plate-like 
member 45 which is a vibration damping object ; and then the damper 
main body 11 is secured by bolts and nuts 44 with the axial holes 
in the mounting metal members 43 aligned with the mounting holes 
46 in the mating plate-like member 45. Consequently, the damper 
main body 11 is fixed to the mating plate-like member 45 through 
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the compressed grommets 41 and in a condition that it is floated 
over the mating plate-like member 45. 

Next, the electric control unit 51 , which is a drive control 
means for controlling power supply condition to the coil member 
24 of the damper main body 10, will be described. As shown in 
Figs. 1 and 2, the electric control unit 51 comprises a control 
portion 52 constituted of a microcomputer or the like and a PWM 
driver 53 so as to generate an instruction signal I, which is 
a pseudo sine wave signal as indicated in Fig. 3(a) for driving 
the coil 25a. An input pulse signal, which is an output of a 
rotation pulse sensor or the like attached on an engine which 
is a vibration generating source, is inputted to the input side 
of the control portion 52. Further, the coil 25a is connected 
to the output side of the PWM driver 53 through the lead wire 
25b. 

When a vibration input of frequency (100-200 Hz) 
synchronous with the vibration of an engine which is a vibration 
generating source of a vehicle is input in the control portion 
52, the control portion 52 adjusts the phase of the inputted 
vibration with the same frequency so as to generate a reference 
pulse signal D having a duty ratio corresponding to the amplitude 
of the inputted vibration and outputs it at a sampling cycle 
of 1-2 kHz . Further, the control portion 52 generates and outputs 
a PWM signal C . which is a carrier signal having a carrier frequency 
of 4-20 kHz subjected to PWM modulation as shown in Fig. 3(c). 

The PWM driver 53 is a FET bridge circuit in which first 
and second lines each comprised of two FETs connected in series 
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are connected In parallel. A coil 25a is connected, through 
a lead wire 25b, to an output side of the FET bridge circuit 
which connects the middle between the FETl and FET2 of the first 
line to the middle between the FET3 and FET4 of the second line. 
A power supply V is connected between both ends of the parallel 
connection of the first and second lines. An input line of the 
reference pulse signal D is connected to the gate terminal of 
the FETl of the first line, and an AND input line of NOT input 
of the reference pulse signal D and an input of the PWM signal 
is connected to a gate terminal of the FET2 of the first line. 
A NOT input line of the reference pulse signal D is connected 
to a gate terminal of the FET3 of the second line while an AND 
input line of an input of the reference pulse signal D and an 
input of the PWM signal C is connected to a gate terminal of 
the FET4 of the second line. A control pulse signal in which 
the PWM signal C is overlaid on the reference pulse signal D 
is outputted from the AND input line. 

If the reference pulse signal D and the PWM signal C are 
inputted from the control unit 52 to the PWM driver 53. when 
the reference pulse signal D is turned ON, the FETl and FET4 
are turned ON so that the instruction signal I . which is a positive 
pseudo sine wave, flows to the coil 25a. When the reference 
pulse signal D is OFF, the FET2 and FET3 are turned ON so that 
the instruction signal I, which is a negative pseudo sine wave, 
flows to the coil 25a inversely. Because the signal inputted 
to the FETs 2 and 4 is a control pulse signal overlaid with the 
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PWM Signal, the instruction signal I, which is the pseudo sine 
wave, is outputted. 

Next, an operation of the above-described embodiment will 

be described. 

If an input pulse signal which is a vibration input is 
inputted to the control portion 52 from the vibration generating 
source, the input pulse signal is sampled at a predetermined 
sampling cycle by the control unit 52, so that the reference 
pulse signal D is generated and simultaneously, the PWM signal 
C synchronous with this signal is generated and both the signals 
are outputted to the PWM driver 53. Consequently, the 
instruction signal I of a magnitude corresponding to that of 
the vibration input is formed by the PWM driver 53 and inputted 
to the coil 25a. Consequently, the yoke 33. which is the mass 
member, and the like are vibrated vertically in the axial 
direction with respect to the central supporting metal member 
15 by an attraction and repellent action of magnetic force of 
the coil 25a with respect to the magnet portion 29 . As a result , 
the dynamic damper can actively and effectively damp a vibration 
input of the frequency of 100-200 Hz from the mating plate member 
45 by a resonant action between the vibration of this yoke 33 
and the like and the rubber elastic body connecting portion 21. 

Because the mounting plate portion 12 is fixed to the mating 
plate member 45 with the bolts and nuts 44 through the grommets 
41 made of rubber elastic body in a condition that it is apart 
from the mating plate member 45. which is a vibration damping 
object, the grommets 41 suppress generation of a chattering 
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vibration and abnormal sounds of more than several kHz such as 
a sharp sound originated from the carrier frequency of the PWM 
signal C and a rattling sound originated from the sampling 
frequency of the input pulse signal. 

Further because the grommets 41 act as a passive damper 
as well as the rubber elastic body connecting portion 21, 
vibration damping performance thereof at the frequency of the 
vibration input is far more enhanced than conventional methods. 
Consequently, the dimensions of the dynamic damper can be 
decreased relatively. Because the grommet 41 has a resonant 
region at about 500 Hz, which is higher than the frequency of 
the input vibration and lower than the control frequency, a 
vibration force of a frequency higher than the frequency of the 
vibration input can be raised, so that, for example, gear noise 
or the like can be reduced. A new resonant peak position by 
the grommet can be set up to various values depending on the 
material, hardness, tightening strength and the like of the 
grommet . 

Next, a result of a specific execution of the 
above-described embodiment will be described. 

As execution objects of the dynamic dampers, two kinds 
of the dynamic dampers, that is, an execution product I in which 
the grommet rubber was soft and an execution product II in which 
the grommet rubber was hard, were prepared and for comparison, 
a conventional product without any grommet was also prepared. 
For these execution products and the conventional product, the 
frequency characteristics of their vibration forces were 



19 



measured. Fig. 4(a) shows the frequency characteristic in a 
wide range of 0-2000 Hz while Fig. 4(b) shows the detailed 
frequency characteristic in a range of 0-200 Hz. 

As evident from Fig . 4(a). the vibration force which caused 
the abnormal sound and the chattering vibration in the PWM control 
frequency range of 1000-1700 Hz as seen in the conventional 
product was suppressed to almost zero in the execution products 
I, II. Further, as evident from Fig. 4(a), in the execution 
products I. II, a peak in the vibration force was recognized 
in the frequency range of 100-200 Hz of a vibration input not 
seen in the conventional product and near 300 Hz, 600 Hz off 
the PWM control frequency range. These are resonant regions 
inherent of the grommet, so that gear noise and the like in this 
frequency range can be damped effectively. Further, as evident 
from Fig. 4(b), the vibration force in the range of 100-200 Hz 
in the execution products I, II, which is the frequency range 
of the vibration input, is higher than the conventional product, 
thereby indicating that the provision of the grommet s in the 
execution products I, II intensifies the damping effect of the 
vibration input as compared to the conventional product. 

Next, a modification of this embodiment will be described. 

As shown in Fig. 5, in the dynamic damper 10. instead of 
a pair of the grommets 41 and the mounting metal members 43, 
a pair of supporting plates 48 were used for the mounting plate 
portion 12A. Unlike the above-described side plate portion 12c. 
the side plate portion 12C of the mounting plate portion 12A 
is short in the length direction and has no mounting hole. The 
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supporting plate 48 is slightly longer than the side plate portion 
12C in the length direction and has a mounting hole 48a on one 
side thereof. Then, a rubber elastic body supporting portion 
49 is bonded and fixed between the side plate portion 12C and 
the supporting plate 48 such that the side plate portion 12C 
opposes the other side of the supporting plate 48 . By tightening 
the bolts and nuts 44 inserted into the mounting hole 48a. the 
supporting plate 48 is fixed onto the mating plate member 45. 
Consequently, the dynamic damper is fixed to the mating plate 
member 45 through the rubber elastic body supporting portion 
49 such that it is floated over the mating plate member 45. As 
a result, the same effect as the above-described embodiment is 
obtained by the modification. 

Further, as a rubber elastic body supporting portion, it 
is permissible to use Just the rubber elastic body plate instead 
of the grommets or the example indicated in the above modification 
and fix the mounting plate on the mating plate member through 
that rubber elastic body plate such that it is floated with respect 
thereto . Further , it is also permissible to use a rubber bushing 
in which the inner cylindrical metal member and the outer 
cylindrical metal member are connected through the rubber elastic 
body. 

Although, according to the above respective embodiments, 
the control pulse signal is formed by overlaying the reference 
pulse signal D with the PWM signal C, the present invention is 
not restricted thereto. For example, it is permissible to form 
a PWM modulated drive control pulse signal by operation 
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performing based on the reference pulse signal D. Further, to 
form the PWM signal, it is permissible to be not only a cyclic 
pulse but also random cycle pulse. Additionally, the control 
pulse signal can be formed based on similar methods. Although 
the active dynamic damper of the above -described embodiment is 
an electromagnetic type in which the mass member is vibrated 
by a combination of an electromagnet which is attained by 
supplying electricity to a coil and a permanent magnet, the 
present invention can be applied to a pneumatic type dynamic 
damper in which the mass member is vibrated by changes in pressure 
in an air chamber. 

The active dynamic damper of the present invention can 
be applied to not only a vehicle but also applications of 
restricting a vibration from various kinds of vibration 
generating sources. The above embodiments are examples of the 
present invention, and may be modified in various ways within 
a scope not departing from the gist of the present invention. 
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